uL Please type a plus sign (+) Inside this box 
n 

Ul 



ntf 
o 



PTO/SB/05 (12^7) 
Approved for use through 09/30/00. 0MB 0651-0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 



r 

UTILITY 
PATENT APPLICATION 
TRANSMITTAL 


Attorney Docket No. 


503.336I2CX1 


Total Pages 


55 


First Named fnveritor or AppScation tdenUfter 


M. ORE, et 


al 








^nty tor new nonprovfsional appScathns under 37 CFR 1.53(b)) 


Express MaS Label No. 





APPUCATION ELEMENTS 

See MP£P chapter 600 concerning ut&y patent appScation contents. 



Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Appfication 

^ Washington, DC 20231 



O 



Fee: 



$760.00 



Please charge any shortages in 
the fees or credit any over- 
payments therof to the deposit 
account of Antonelli, Terry, 
Stout & Kraus, Deposit Account 
No. 01-2135. 



6. | I R^crofiche Computer Program fAppenda; 

7. Nucleotide and/or Amino Acid Sequence Submission 
{if appSoable, aS necessary) ^ 

a. I I Computer Readable Copy h 
b- I I Paper Copy (identical to computer copy) -n 
c, I I Statement verifying identity of above copies 



2. j I Specification to^a/ Pages | 3 8p 

3. I X I OrBmng(s) (35 use 113) [Total Sheets 

4. Oath or Declaration X<^^ P^Q^ 
Newiy executed (original or copy) 



X 



10 



□ 



Copy from a prior application (37 CFR 1.63(d)) 
(for continuation/c^isionBl with Box 17 completed) 
[Note Box S below] 

PPI£T!QN0F INV5HT0R(?> 
Signed statement attached deleting 
inventor(s) named In the prior application. 

Hsee 37 CFR 1.63(d)(2) and 1.33(b). 
Incorporation By Reference (useatyle lfB<^ 4t> fe checked) 
The entire disclosure of the prior application, from which 
copy of the oath or declaration is supplied under Box 4b« 
is considered as b^ng part of the disclosure of the 
accompanying application and is hereby incorporated by 
reference therein. 



ACCOMPANYING APPLICATION PARTS 



X 



□ Copies of IDS 
Citations 



5. 



□ 
□ 
□ 
□ 



Assignment Papers (cover sheet & document(s)) 

37 CFR 3.73(b) statement j I power of Attorney 

(when there is an assignee) I 1 

English Translation Document f^appfcabfej 

Infomnation Disclosure 
statement (IDS)/PTO-1449 

Preliminary Amendment 

Return Receipt Postcard (MPEP 503) 
(Should be s pec'fic aify ^emized) 
Small Entity | i Statement filed in prior application, 

Statements)! 1 Status still proper and desired 

Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 

Otiier 



17. If a CONTINUING APPLICATION, check appropriate box and supply the requisite kifdnnatkm: 

Continuation Division^ Continuation^n^ (CP) pri/w oppiirMrfi»« m^- 08 /405/ 887 



18. CORRESPONDENCE ADDRESS 



Cnt Customer Numt>er or Bar Code l^bel * ^ X) 20 4 57 ** 

: ^ifl^j^i^yef ^^^^ t^.podeJab6t^) : 









SIGNATUKE 


m^L.^ r, _^ 


PATB 


July 14, 1999 |rEG. N0.|22,466 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 

SUITE 1800 
1300 NORTH SEVENTEENTH STREET 
ARLINGTON, VIRGINIA 22209 



TELEPHONE 
(703)3t2-6600 

FACSIMILE 
(703)312-6666 
E-MAIL 
emaH*ftntonein.com 



SPECIFICATION 

TITLE OF THE INVENTION 

Active Matrix type Liquid Crystal Display Apparatus 
CROSS REFERENCE TO RELATED APPLICATION 

This is a continuation of U.S. application Serial No. 
5 08/405,887, filed March 17, 1995, the subject matter of which 
is incorporated by reference herein. 
BACKGROUND OF THE INVENTION 

The present invention relates to an active matrix type 
Q liquid crystal display apparatus, in which an electric field 

^itb is applied, mainly parallel to the substrates, and in which a 
'ti broad visual field and a large numerical aperture are 
ill realized. 

In a conventional liquid crystal display apparatus, the 
electrodes for driving the liquid crystal layer are formed on 
3fc5 the surface of two substrates, and transparent electrodes are 
'^i used, the electrodes facing each other. This is because what 

is used is a twisted nematic display method (TN method) in 
which the liquid crystal layer is driven by applying an 
electric field in a direction vertical to the surface of the 
2 0 substrate. On the other hand, a display method in which an 
electric field is applied in a direction almost parallel to 
the surface of the substrate using comb-type electrodes has 
been disclosed in the Japanese Patent publication No. 63-21907 
(1988) and USP 4,345,249. In this case, the electrodes are not 
25 necessarily selected to be transparent, but non-transparent 
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and metallic electrodes with a higher electric conductivity 
are used. However, in the above-mentioned prior art, for the 
display method in which the electric field is applied in a 
direction substantially parallel to the surface of the 
electrode, which is designated as a "horizontal electric field 
method", specifically used in the active matrix drive mode, 
the material property required to realize a high numerical 
aperture is not described in detail. 

In the conventional active matrix type liquid crystal 
display apparatus, typically using the twisted nematic method, 
a transparent electrode is used. It is, therefore, possible to 
make the numerical aperture relatively wide, which is the area 
that the light per unit pixel passes through. However, in the 
horizontal electric field method, an opaque metal electrode is 
used. It is, therefore, impossible to realize a large 
numerical aperture. In this regard, there is an essential 
problem in that the opaque portion of the electrode can not be 
used as part of the area that light passes through. Further, 
the brightness of the display apparatus also depends upon the 
magnitude of the numerical aperture. Even if the intensity of 
the background light is increased in an effort to alleviate 
this problem, the problem arises that the power consumption is 
increased extremely. 

Accordingly, in order to realize a large numerical 
aperture when employing the horizontal electric field method, 
it is necessary to enlarge the gap between the electrodes. 
However a new problem arises due to the enlargement of 



the gap- First, a disturbance of the orientation occurs due to 
static electricity, because the volume of the liquid crystal 
decreases further. Generally, the electrode in the horizontal 
electric field method is different in configuration from the 
one in the other type. Therefore, the volume of the liquid 
crystal is not so large. If the volume becomes smaller by 
enlarging the gap between the electrodes, the liquid crystal 
is susceptible to the effects of static electricity. As a 
result, the disturbance of the orientation due to static 
electricity increases. Secondly, if the gap between the 
electrodes becomes large, a problem arises in that the display 
method driven by the electric field requires a large drive 
voltage. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
active matrix type liquid crystal display apparatus using the 
horizontal electric field method, in which a broad visual 
field and a large numerical aperture are realized. 

In the present invention, the following features are used 
for solving the above mentioned problems and attaining the 
above objective. 

According to a first aspect of the present invention, the 
present invention comprises a pair of substrates, at least one 
of which is transparent; a liquid crystal layer inserted 
between the substrates; an orientation film provided between 
the liquid crystal layer and at least one of the pair of 
substrates and on an inner side of said at least one 



substrate; a scanning signal electrode, an image signal 
electrode, a pixel electrode and an active device, each 
provided between the liquid crystal layer and the at least one 
substrate; and polarization means provided on the outer side 
of the substrates, for changing a optical characteristic 
according to an orientation state of the liquid crystal; each 
of said electrodes being constructed so as to apply an 
electric field, mainly parallel to said substrates, against 
said liquid crystal layer, and being connected to an external 
control means for controlling optionally the applied electric 
field according to the display pattern; wherein said electrode 
lies between at least two dielectric layers disposed above and 
below the electrode, and wherein the resistivity of said 
liquid crystal is higher than or equal to 1 x 10^ Q-cm and 
lower than or equal to 1 x 10^^ Q-cm. 

According to a second aspect of the present invention, 
the present invention comprises a pair of substrates, at least 
one of which is transparent; a liquid crystal layer inserted 
between the substrates; an orientation film provided between 
the liquid crystal and at least one of the pair of substrates 
and on an inner side of said at least one substrate; a 
scanning signal electrode, an image signal electrode, a pixel 
electrode and an active device, each provided between the 
liquid crystal layer and the at least one substrate; and 
polarization means provided on the outer side of the 
substrates, for changing a optical characteristic according to 
an orientation state of the liquid crystal; each of said 
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electrodes being constructed so as to apply an electric field, 
mainly parallel to said substrates, against said liquid 



means for controlling optionally the applied electric field 
5 according to the display pattern; wherein a ratio 1/d of a gap 
1 between said electrodes to a cell gap d is greater than or 
equal to 2.0, and the relation between an elasticity constant 
K2 and a dielectric anisotropy Ae satisfies the following 
equation (1) : 

10 Ka/Ae < 9.0 X 10-®[dyn], (1) • 

a According to a third aspect of the present invention, in 

y the arrangement of the second aspect, the gap between the 

J substrates facing each other is made to be less than or equal 

m to 6 mm, the gap between the electrodes is made to be more 
15 than or equal to 10 mm, and the drive voltage is made to be 
t!^ lower than or equal to 5V- 

According to a fourth aspect of the present invention, in 
^5 the arrangement of the first and second aspects, the liquid 

crystal composite material is made to include a liquid crystal 
2 0 chemical compound represented by a general chemical formula 

(I) , in which a cyano group, trif luoromethyl group, 

trif luoromethoxyl group or nitro group is included as an end 

group : 



crystal layer, and being connected to an external control 




X 



(I) 



5 



(In the formula (I), X^, X2 and X3 are a fluoro group, 
cyano group, trif luoromethyl group, trif luoromethoxyl group, 
nitro group or hydrogen atom; R is an alkyl group or alkoxyl 
group having a carbon number 1 to 10 which can be substituted; 
Ring A is a cyclohexane ring, benzene ring, dioxane ring, 
pyrimidine ring, or [2, 2, 2 ] -bicyclohexane ring; Z is a 
single bonding, ester bonding, ether bonding, or methylene; or 
ethylene; and n is an integer, 1 or 2.) 

According to a fifth aspect of the present invention, in 
the arrangement of the first and second aspects, the liguid 
crystal composite material is made to include a liquid crystal 
chemical compound represented by a general chemical formula 
(II) , in which a cyano group, trif luoromethyl group, 
trif luoromethoxyl group, or nitro group is included in a 
transverse axis of the molecule of the liquid crystal chemical 
compound : 




(II) 



(In the formula (II) , X^ and X2 are a fluoro group, cyano 
group, trif luoromethyl group, trif luoromethoxyl group, nitro 
group or hydrogen atom; R is an alkyl group or alkoxyl group 
having a carbon number 1 to 10 which can be substituted; Ring 
A is a cyclohexane ring, benzene ring, dioxane ring, 
pyrimidine ring, or [2, 2, 2 ] -bicyclohexane ring; Z is a 
single bonding, ester bonding, ether bonding, or methylene, or 



ethylene; and n is an integer 1 or 2.) 

According to a sixth aspect of the present invention, in 
the arrangement of the first and second aspects, when the 
dielectric anisotropy of the liquid crystal is positive, the 
rubbing angle is set to an angle more than or equal to 1 
degree and less than or equal to 20 degrees relative to the 
vertical direction of the electric field, and when the 
dielectric anisotropy of the liquid crystal is negative, the 
rubbing angle is set to an angle more than or equal to 1 
degree and less than or equal to 10 degrees relative to the 
direction of the electric field. 

According to a seventh aspect of the present invention, 
in the arrangement of the first and second aspects, the common 
electrode is composed of a part of the display pixels, and an 
alternating current is applied to the common electrode. 

According to an eighth aspect of the present invention, 
in the arrangement of the first and second aspects, the 
transmission axis of said polarizer is set to an angle 
deviated more than or equal to 1 degree from an initial 
orientation direction of the liquid crystal to a rotation 
direction of the axis of the molecule of the liquid crystal 
due to the applied electric field. 

Fig. 2 illustrates the angle c|)p defined by the 
polarization transmission axis, the angle f^c defined by the 
liquid crystal molecule longitudinal axis (optical axis) at 
the interface neighborhood, and the angle c[)r defined by the 
condensive axis in the phase shifter plate inserted between a 



couple of polarizers. The angle (pp and (pi^c ^^re expressed 
selectively in terms of c!)pi, ct>P2f <^j.cif ^^^^ ^*lc2 with regard to a 
couple of polarizers and a couple of liquid crystal 
interfaces. 

Figs. 1(a) and 1(b) show side cross-section views showing 
the operation of the liquid crystal in the liquid crystal 
panel, and Figs. 1(c) and 1(d) show front views thereof in 
accordance with the present invention. In Fig. 1, active 
devices are not shown. In addition, though a plurality of 
pixels are formed with striped electrodes in accordance with 
the present invention, a partial view of a single pixel is 
shown. The side cross-section view when a voltage is not 
applied is shown in Fig. 1(a) and the front view is shown in 
Fig. 1(c). The linear electrodes 3 and 4 are formed inside a 
couple of transparent substrates 7, and a couple of 
orientation films 5 are coated on the substrates 7 so that 
they face each other. Liquid crystal composite material is 
inserted between the films. The liquid crystal molecule 6 
shaped in line is oriented so that the angle f^c of the 
longitudinal axis of the molecule between the longitudinal 
direction of the Y electrode, shaped in the form of a stripe, 
may be maintained to be at an adequate angle, such as 45° < | 
ct)Lc I < 90°. 

For the explanation below, the orientation directions of 
the liquid crystal molecule on each of the upper and lower 
interfaces are assumed to be parallel to each other, that is, 

f LCI ~ f LC2 • 
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The dielectric anisotropy of the liquid crystal composite 
material is assumed to be positive. Next, when the electric 
field is applied, as shown in Figs. 1(b) and 1(c), the axis of 
the liquid crystal molecule becomes oriented in the direction 
of the electric field* By placing the polarizer 8 on the 
polarization transmission axis, the optical transmission index 
can be modulated by applying and changing the electric field • 
Thus, a display operation for defining contrast is 
accomplished without transparent electrodes. Though the 
dielectric anisotropy of the liquid crystal composite material 
is assumed to be positive, it may be selected to be negative. 
In the case of a negative dielectric anisotropy, for the 
initial orientation of the liquid crystal molecule, the angle 
f^c is maintained at an adequate angle to the vertical 
direction with respect to the longitudinal axis of the striped 
electrode, such as 0"" < | c^lc I ^S''. 

By providing the electrode between at least two 
dielectric layers disposed above and below the electrode, and 
by making the resistivity of the liquid crystal lower than or 
equal to 1 x 10^^ Q-cm, as described in the first aspect, it is 
possible to increase the numerical aperture. The reason for 
this will be explained hereinafter. In generating the 
horizontal electric field, an opaque metal electrode is used. 
It is, therefore, impossible to realize a numerical aperture 
larger than the one of the prior art. The basic method of 
solving this problem is to enlarge the gap between the 
electrodes. However, a new problem may arise due to such 



enlargement of the gap. The disturbance of the orientation 
occurs due to static electricity, because the volume of the 
liquid crystal decreases further. To provide an auxiliary 
capacitance for each pixel brings about a deterioration of the 
numerical aperture. However, if the resistance of the liquid 
crystal is low, the disturbance of the orientation due to 
static electricity is small. Therefore, this provides a very 
effective solution. By this means, the domain around a spacer 
bead is also improved. In the conventional active matrix type 
liquid crystal display apparatus, it is required to use a 
liquid crystal with a high resistivity of at least 1 x 10^^ 
Q-cm, preferably, 1 x 10^^ Q-cm, in order to apply a sufficient 
voltage even during a non-selected period of time. In the 
horizontal electric field method the dielectric, except for 
the liquid crystal, such as a glass or other insulation film, 
acts to hold a capacitance to obtain the voltage hold ratio 
necessary for proper operation. By experiments, we found that 
even a liquid crystal with a resistivity of 1 x 10^° Q-cm has a 
high voltage hold ratio (frame frequency: 60Hz) of more than 
90%. However, compared to a conventional method, such as the 
TN method, the total capacitance, including the capacitance of 
the liquid crystal and the hold capacitance, is smaller in 
magnitude in the horizontal electric field method and is 
susceptible to the effect of static electricity. Not only the 
problem of static electricity, but also an increase in the 
drive voltage is brought about by an enlargement of the gap 
between the electrodes. 
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As for the means for reducing the drive voltage, it is 
found to be effective that, as described in connection with 
the second and third aspects, the relation between the 
dielectric anisotropy (Ae) of the liquid crystal composite 
material and the elasticity constant (K2) of the twist should 
satisfy the equation, K2/Ae < 9.0 x 10'® [dyn] . As the 
thickness of the electrode is less than that of the liquid 
crystal composite material layer in the ordinary horizontal 
electric field method, it is impossible to apply an electric 
field which is completely parallel to the interface between 
the liquid crystal layer and the orientation layer onto the 
liquid crystal composite material layer. This insufficient 
horizontal electric field tends to cause a reduction in the 
efficiency of switching operation of the liquid crystal on the 
interface • By making the dielectric constant ©lc Of the liquid 
crystal layer larger than the dielectric constant e^F of the 
orientation layer, preferably by making twice as large as 
e^^F, a horizontal electric field which is more parallel to the 
interface between the liquid crystal and the orientation layer 
can be provided. With more intensive study in which the 
elasticity constant of the twist is modified to be smaller, 
or the dielectric anisotropy of the liquid crystal is modified 
to be larger, when the ratio between the elasticity constant 
and the dielectric anisotropy is set to be 9.0 x 10^^ [<iyn] , 
and more, preferably when this ratio is set to be 7 . 0 x 10"^ 
[dyn], a voltage drive of 5V or less can be attained. A drive 
voltage of 5V means that it is possible to produce a display 



11 



by using the 5V voltage-tightness of a signal voltage driver. 

As described in connection with the fourth aspect, by 
using a liquid crystal chemical compound represented by a 
general chemical formula (I) , in which a cyano group, 
trif luoromethyl group, trif luoromethoxyl group or nitro group 
is included as an end group, we obtained an effective liquid 
crystal with a large numerical aperture. Namely, by a decrease 
in the resistivity, the static electricity can be prevented, 
and at the same time the drive voltage can be decreased. The 
decreasing of the resistivity is further effective for a small 
viscosity necessary for high-speed response. The liquid 
crystal which can not increase its resistivity, such as cyano 
groups, can be used for the display apparatus, because liquid 
crystals with lower resistivity show a high voltage hold ratio 
in the horizontal electric field method. Therefore, the 
margin of the kind of the liquid crystal to be used remarkably 
increases. 




(I) 



(In the formula (I), Xi, X2 and X3 are a fluoro group, 
cyano group, nitro group or hydrogen atom; R is an alkyl group 
or alkoxyl group having the carbon number 1 to 10 which can be 
substituted; Ring A is a cyclohexane ring, benzene ring, 
dioxane ring, pyrimidine ring, or [2, 2, 2] -bicyclooctane 
ring; Z is a single bonding, ester bonding, ether bonding, or 
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methylene, or ethylene; and n is an integer 1 or 2 . ) 

More concretely, there is suggested 1, 2-dicyanO" 
4-[trans-4- (trans-4-propylcyclohexyl) cyclohexyl] benzene; 
Trans-4 -propyl- (3 , 4-dicyanobiphenyl-4 ' -yl) cyclohexane; 
2- (trans-4-propylcyclohexyl) -1- [trans-4- (3 , 4-dicyanophenyl) 
cyclohexyl] ethane; 3, 4-dicyanophenyl-trans-4- 
hentylcyclohexylcarboxylate; 4-cyano-3-f luorophenyl-trans-4- 
propylcyclohexylcarboxylate; trans-4-heptyl- (3 , 5-dif luoro-4- 
nitrophenyl) cyclohexane; 2 , 6-dif luoro-l-cyano-4- [trans-4- 
( trans-4 -pr opy Icy clohexyl) cyclohexyl] benzene; trans-4 - 
propyl- (3 , 4 , 5-trif luorobiphenyl-4 ' -yl) cyclohexane; 
2- ( trans-4 -pr opy Icyclohexyl) -1- [trans-4- (3 , 5-dif luoro- 
4-nitrophenyl) cyclohexyl] ethane; 3, 5-dif luoro-4- 
nitrophenyl-trans-4-bentylecyclohexylcarboxylate; trans-4- 
heptyl- (3-f luoro-4-cyanophenyl) cyclohexane; 2-f luoro-1- 
nitro-4 - [ trans-4 ( trans-4-propy Icyclohexyl ) cyclohexyl ] 
benzene; trans-4 -propyle- (3-f luoro-4-cyanobiphenyl-4 ' -yl) 
cyclohexane; 2- (trans-4-propylcyclohexyl) -l-[trans-4- 
( 3 -f luoro-4-nitrophenyl ) cyclohexyl ] ethane ; 3 -f luoro-4- 
cyanopheny 1- trans-4 -pentylecyclohexylcarboxy late; trans-4 - 
heptyl- (4-cyanophenyl) cyclohexane; 4-cyanophenyl-5-bentyl-l, 
3 -py r iitiidine ; 4 -cy ano- 3 - f luor opheny 1-5 -propyl - 1 , 3 -py r imidine ; 
4 -cyanophent 1 -4 -penty 1- 1 , 3 -dioxane ; 4 -cyanopheny 1-4 -penty 1- 
[2, 2, 2 ] -bicyclooctane. The present invention does not 
exclude compounds other than the above. The liquid crystal 
compound having a fluoro group at the ortho position in its 
cyano end group, represented by 4-cyano-3-f luorophenyl- 
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trans-4-propylcyclohexylcarboxylate, is known to be a material 
which dpes not tend to form dimer to cancel the dipole 
momentum* As such liquid crystal compound has a larger 
dielectric constant and a lower viscosity, it is effective to 
apply this kind of compound to the high-speed driving 
operation in the horizontal electric field method. 

When using a liquid crystal having a negative dielectric 
anisotropy, by including a liquid crystal chemical compound 
represented by a general chemical formula (II) , in which a 
cyano group, trif luoromethyl group, trif luoromethoxyl group or 
nitro group is included as an end group, as described in 
connection with the fifth aspect, we obtained an effective 
liquid crystal with a large numerical aperture. Namely, by a 
decrease in the resistivity, the static electricity can be 
prevented, and at the same time the drive voltage can be 
decreased. The decreasing of the resistivity is further 
effective for a small viscosity necessary for high-speed 
response. The liquid crystal which can not increase its 
resistivity, such as the cyano groups, can be used for the 
display apparatus, because liquid crystals with a lower 
resistivity show a high voltage hold ratio in the horizontal 
electric field method. Therefore, the margin of the kind of 
liquid crystal to be used remarkably increases. 




(II) 
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(In the formula (II) , X:, and X2 are a f luoro group, cyano 
group, nitro group or hydrogen atom; R is an alkyl group or 
alkoxyl group having the carbon number 1 to 10 which can be 
substituted; Ring A is a cyclohexane ring, benzene ring, 
5 dioxane ring, pyrimidine ring, or [2, 2, 2 ] -bicyclooctane 

ring; Z is a single bonding, ester bonding, ether bonding, or 
methylene, or ethylene; and n is an integer 1 or 2 • ) 

More particularly, there is inputted trans-4-heptyl- 
( 2 -cyano-3 -f luor opheny 1 ) cyclohexane ; 2 -cyano-3 -f luor o-4 - 
10 [trans-4 (trans-4-propylcyclohexyl) cyclohexyl] benzene; 
13 Trans-4 -propyl- (2-cyno-3-f luorobiphenyl-4 ' -yl) cyclohexane; 2- 

|y ( trans-4 -propylcyclohexyl) -1- [trans-4- (2 -cyano-3 -fluorophenyl) 

lU cyclohexyl] ethane; 2-cyano-3-f luorophenyl-trans-4- 
m pentylecyclohexylcarboxylate; trans-4-heptyl- (2-f luoro-3- 

1x5 nitrophenyl) cyclohexane; 2-f luoro-3-cyano-4- [trans-4- 
2:1 (trans-4 -propylcyclohexyl) cyclohexyl] benzene; trans-4 - 

propyle- (2-f luoro-3-nitrobiphenyl-4 » -yl) cyclohexane; 
'^i 2- (trans-4-propylcyclohexyl) -1- [trans-4- (2-f luoro-3- 

nitropheny 1 ) cyclohexyl ] ethane ; 2 -f luoro-3 -cyanophenyl- 
2 0 trans-4 -bentylecyclohexylcarboxy late; 2 , 3-dicyanophenyl-5- 
pentyl-1, 3-pyrimidine; 2-cyano-3-f luorophenyl-5-propyl-l, 
3-pylimidine; 2 , 3-dicyanophenyl-4-pentyl-l, 3-dioxane; 
2-cyano-3-f luorophenyl-4-pentyl[2, 2 , 2] -bicyclooctane. The 
present invention does not exclude compounds other than the 
2 5 above • 

As described in connection with the sixth aspect, when 
the dielectric anisotropy of the liquid crystal is positive. 
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the rubbing angle is set to an angle more than or equal to 1 
degree and less than or equal to 10 degrees relative to the 
vertical direction of the electric field, and when the 
dielectric anisotropy of the liquid crystal is negative, the 
5 rubbing angle is set to an angle more than or equal to 1 

degree and less than or equal to 10 degrees relative to the 
direction of the electric field. This is another important way 
of reducing the drive voltage. As the angle between the axis 
of the molecule of the liquid crystal and the direction of the 
10 electric field becomes close to 90 degree, the voltage at the 
C3 maximum transmission factor shifts to the low voltage side, 
y Further, a non-select voltage can be set to the high voltage 

iU side, because the threshold voltage of the response to the 

jS electric field shifts to the high voltage side. Accordingly, 

!iL5 it is possible to reduce the width of the drive voltage. Fig. 
tj 9 shows a typical example thereof, where it is desired that 

V the rubbing angle is as small as possible, so long as any 

domains do not occur. 

Further, it is possible to reduce further the drive 
2 0 voltage, by applying an alternating current to the common 

electrode, as described in connection with the seventh aspect, 
after the above sixth aspect was carried out. 

Furthermore, we found that the eighth aspect is also 
effective to reduce the width of the drive voltage, as shown 
25 in Fig. 10, in which the transmission axis of a polarizing 
plate is deviated more than 1 degree from the initial 
orientation direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view illustrating the operation of the liquid 
crystal using the horizontal electric field method. 

Fig. 2 is a diagram illustrating the definition of the 
rubbing direction and the axis direction of a polarizer. 

Figs. 3 (a) -3(c) are views showing an example of an 
electrode configuration in a unit pixel of the liquid crystal 
display apparatus. 

Fig. 4 is a sectional view showing another example of the 
electrode configuration in a unit pixel of the liquid crystal 
display apparatus. 

Fig. 5 is a sectional view of a typical example of the 
configuration of a color filter substrate. 

Fig. 6 is a schematic circuit diagram showing a TFT 
circuit in the liquid crystal display apparatus according to 
the present invention. 

Figs. 7 (a) -7(e) are examples of the waveform diagrams of 
alternating current applied to the common electrode. 

Fig. 8 is a graph showing the result of experiments on 
the voltage hold ratio in the liquid crystal display apparatus 
according to the present invention. 

Fig. 9 is a graph showing the variation of the width of a 
drive voltage in a rubbing direction. 

Fig. 10 is a graph showing the variation of the 
voltage-transmittance characteristic caused by the variation 
of the axis direction of a polarizer. 

Fig. 11 is a graph showing a voltage-transmittance 
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characteristic. 

Fig- 12 is a graph showing a voltage-transmittance 
characteristic . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 The embodiments of the present invention will be 

explained in detail* 
[ Embodiment 1 ] 

Two transparent glass substrates are used, each being 1.1 
mm in thickness and having a surface which is polished. After 
10 forming thin film transistors on one of the substrates, an 
O orientation film is formed on them, which also acts as an 
ly insulation film. Polyamide is used as the orientation film in 

III this embodiment. A rubbing-processing is performed on the 

ill polyamide film in order to orient the liquid crystal. The 

as polyamide and rubbing processings are performed also on the 
■J other substrate. The individual rubbing directions of a pair 

"Z of substrates are parallel to each other, and have an angle 

'J: 75° ((p-Lci - $LC2 = 75°) with respect to the direction in which 

the applied electric field is extended. A nematic liquid 
20 crystal composite is sandwiched by these substrates, of which 
the dielectric constant anisotropy Ae is + 7.3 and the 
refractive index anisotropy An is 0.074 (589nm, 20°). A gap d 
is provided by distributing polymer beads between the 
substrates, and the size of gap is 4.0 jiim. Thus, d-An is 0.296 
25 jJLm. The panel is sandwiched by a pair of polarizers (G1220DU, 
made by Nitto Electric Co.), and the polarization transmission 
axis of one polarizer is set to <t>pi = 75°, while the 
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polarization transmission axis of the other polarizer is set 
to intersect perpendicularly with the foriner polarization 
transmission axis, which means <l)p2 = -15°. With this 
geometrical configuration, the normally-close characteristic 
5 of the display pixel can be established, that is, the display 
pixel is in a dark state at a low voltage (Vqff) f and is in a 
bright state at a high voltage (Vqn) . 

Figs. 3(a) to 3(c) show the configurations of a thin film 
transistor and all kinds of electrodes. Fig. 3(a) is a front 
10 view seen from the direction perpendicular to the surface of 
Q the substrate. Fig. 3(b) and Fig. 3(c) are sectional side 
yj elevations. The thin film transistor 14 comprises a pixel 

Itj electrode (source electrode) 4, a signal electrode (drain 

ITi electrode) 3, scanning electrode (gate electrode) 12, and 

'15 amorphous silicone 13. Coiamon electrodes 1 and the scanning 
J"; electrode 12, and the signal electrode 3 and the pixel 

^"1 electrode 4, respectively, are a part of the pattern made by 

'^9 the same metal layer. A capacitor 16 is formed by sandwiching 

a gate insulation film 2 with the pixel electrode 4 and the 
2 0 common electrodes 1 at an area (shown by the dotted line in 

Fig. 1) between two common electrodes. In Fig. 3(a), the pixel 
electrode is disposed between two common electrodes. The pitch 
of the pixel electrode is 69 jLtm in a horizontal direction, 
i.e. between signal wiring electrodes, and 207 iim in a 
25 vertical direction, i.e. between scanning wiring electrodes. 

The width of the electrode is taken widely in order to avoid a 
wiring defect, in the wiring electrode extending over a 



plurality of electrodes, the scanning electrode, the signal 
electrode, or the common electrode wiring portion (the portion 
extending in a horizontal direction in Fig. 3 parallel to the 
scanning wiring electrode) • More concretely, the width of the 
5 electrode is taken to be 10 jum. The width of the electrode is 
a little bit narrower in order to increase the numerical 
aperture in the pixel electrode formed independently for every 
pixel and the longitudinally extending portion of the signal 
wiring electrode of the common electrode. More concretely, the 
10 width of the electrode is taken to be 5 jum and 8 jiim, 
Q respectively. The possibility of breaking of a wire will 

111 become higher because the width of the electrode was 

f-i decreased. However, the breaking of a wire results in a 

ifi partial defect, and does not result in a line defect. In 

15 addition, in order to increase the numerical aperture as high 
J"^ as possible, a portion of the common electrode and a portion 

of the signal electrode are provided one above the other, with 
an insulation film being inserted between those electrodes, 
and the width of the superposed portion xs 1 iim. Thereby, it 
2 0 is not necessary to provide a black matrix parallel to the 
signal wiring. As a result, the present invention adopts a 
black matrix configuration, as shown in Fig. 3(c), in which 
only light in the direction of the scanning wiring electrode 
is prevented. As a result, a 44.0% high numerical aperture is 
25 obtained, in which the gap between the common electrode and 
the pixel electrode is 20 jum, the length in the longitudinal 
direction of the opening is 157 jiim, and the number of pixels 
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foritied by 320 signal wiring electrodes and 160 wiring 
electrodes is 320 x 160, 

The resistivity of the liquid crystal is 7.6 x 10^^, and 
undesirable conditions of orientation due to static 
5 electricity do not occur. An active matrix type liquid crystal 
display apparatus, having both a broad visual field and a 
large numerical aperture, is established, in which an 
inversion of gradation does not occur over more than 60 
degrees in the up and down direction, and more than 60 degrees 

10 in the right and left direction. 

U [ Embodiment 2 ] 

ij The structure in the embodiment 2 is identical to that of 

fj the embodiment 1 except for the following features. 

The material used for the liquid crystal compound is 

T5 prepared by adding 5 weight % of 4-cyano-3-f luorophenyl- 

trans-4-propy Icy clohexylcarboxy late into the liquid crystal of 

^'2 the embodiment 1. The weight % represents hereinafter the 

0 ratio to the total weight. 

The resistivity of the liquid crystal is 7.6 x 10^^ Q-cm, 

2 0 and undesirable conditions of orientation due to static 

electricity do not occur. An active matrix type liquid crystal 
display apparatus, having both a broad visual field and a 
large numerical aperture, is established, in which an 
inversion of gradation does not occur over more than 60 

2 5 degrees in the up and down direction, and more than 60 degrees 
in the right and left direction. 
[Embodiment 3] 
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The structure in the embodiment 3 is identical to that of 
the embodiment 1 except for the following features. 

The material used for the liquid crystal compound is 
prepared by adding a 7 weight % of 3, 4-dicyanophenyl-trans-4- 
5 foentylcyclocarboxylate into the liquid crystal composite of 
the embodiment 1, 

The resistivity of the liquid crystal is 3.3 x 10^^ Q-cm, 
and the undesirable conditions of orientation due to static 
electricity do not occur. As a result, an active matrix type 
10 liquid crystal display apparatus, having both a broad visual 
13 field and a large numerical aperture, is established, in which 

Id an inversion of gradation does not occur over more than 60 
llj degrees in the up and down direction, and more than 60 degrees 

^fi in the right and left direction. 

T5 [Embodiment 4] 

The structure in the embodiment 4 is identical to that of 
^t: the embodiment 1 except for the following features. 

^0 The material used for the liquid crystal compound is 

prepared by adding 10 weight % of 4-trif luoromethoxyl-3 , 
2 0 5-dif luorophenyl-trans-4-bentylcyclohexylcalboxylate into the 
liquid crystal compound having 4-cyano-3-f luorophenyl-trans-4- 
ethylphenylcar boxy late , 1- [ 4 - ( 3 , 4 , 5-tr if luoropheny 1 ) 
cyclohexyl] -2- (4-methylcyclohexyl) ethane, 4-cyano-3" 
f luorophenyl-4" (4-propylcyclohexyl) phenylcarboxylate and so 
2 5 on as a representative compound. 

The resistivity of the liquid crystal is 2.4 x 10^° Q-cm, 
and the undesirable conditions of orientation due to static 
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electricity do not occur. The relation between the elasticity 
constant K2 and the dielectric anisotropy Ae, is made to be 
8.5 X 10"^ Q'Citi, Further, the drive voltage can be established 
to be 5V or less. As a result, an active matrix type liquid 
5 crystal display apparatus, having both a broad visual field 
and a large numerical aperture, is established, in which an 
inversion of gradation does not occur over more than 60 
degrees in the up and down direction, and more than 60 degrees 
in the right and left direction. 
10 [Embodiment 5] 

O The structure in the embodiment 5 is identical to that of 

;.J the embodiment 1 except for the following features. 

;rj The material used for the liquid crystal compound is 

'n prepared by adding 20 weight % of 4-cyano-3, 5-dif luorophenyl- 

15 trans-4-bentylcyclohexylcarboxylate into the liquid crystal 

J" compound having 4-cyano-3-f luorophenyl-trans-4- 

ethylphenylcarboxylate, l-[4-(3, 4, 5-trif luorophenyl) 
cyclohexyl] -2- (4-methylcyclohexyl) ethane, 4"cyano-3- 
t r i f luor omethy 1 - 5 - f luor opheny 1 - 4 - ( 4 -pr opy 1 eye 1 ohexy 1 ) 
20 phenylcarboxylate and so on as a representative compound. 

The resistivity of the liquid crystal is 9.3 x 10^ Q-cm, 
and the undesirable conditions of orientation due to static 
electricity do not occur. The relation between the elasticity 
constant K2 and the dielectric anisotropy Ae, is made to be 
25 5.4 X 10"^ Q-cm. Further, the drive voltage can be established 
to be 5V or less. As a result, an active matrix type liquid 
crystal display apparatus, having both a broad visual field 
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and a large numerical aperture, is established, in which an 
inversion of gradation does not occur over more than 60 
degrees in the up and down direction, and more than 60 degrees 
in the right and left direction, 
5 [Embodiment 6] 

The structure in the embodiment 5 is identical to that of 
the embodiment 1 except for the following features. 

Fig, 4 shows the configurations of a thin film transistor 
and all kinds of electrodes, in more detail, and represents a 
10 front view seen from the direction perpendicular to the 
13 surface of the substrate. The thin film transistor 14 

y comprises a pixel electrode (source electrode) 4, a signal 

10 electrode (drain electrode) 3, scanning electrode (gate 

ifi electrode) 12, and amorphous silicone 13. Common electrodes 1 

15 and the scanning electrode 12, and the signal electrode 3 and 
:1 the pixel electrode 4, respectively, are a part of the pattern 

'Z made by the same metal layer. A capacitor 16 is made by 

■J sandwiching a gate insulation film 2 with the pixel electrode 

4 and the common electrodes 1 at an area (shown by the dotted 
20 line in Fig. 1) between two coiamon electrodes. In the front 
view, the pixel electrode is disposed among three common 
electrodes 1. The pitch of the pixel electrode is 100 jum in a 
horizontal direction, i.e. between signal wiring electrodes, 
and 3 00 fim in a vertical direction, i.e. between scanning 
25 wiring electrodes. The width of the electrode is taken widely 
in order to avoid a wiring defect in the wiring electrode 
extending over a plurality of electrodes, the scanning 
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electrode 12, the signal electrode 13, or the common electrode 
wiring portion (the portion extending in a horizontal 
direction in Fig. 3 parallel to the scanning wiring 
electrode) . More concretely, the width of the electrodes are 
5 taken to be 10 jum, 8 fim and 8 ^m, respectively. While, the 
width of the pixel electrode formed independently for every 
pixel and that of the longitudinally extending portion of the 
signal wiring electrode of the common electrode are a little 
bit narrower. More concretely, these widths are 5 fim and 6 /zm, 

10 respectively. The possibility of breaking a wire becomes 

Q higher because the width of the electrode was decreased. 

ly However, the breaking of a wire results in a partial defect, 

m and does not result in a line defect. In addition, the common 
electrode and the signal electrode are spaced by an insulation 
film, in which the spacing is 2 jLtm thick. A black matrix 

ti configuration and a color filter are provided in the opposite 

substrate side, as shown in Fig. 5. The gap between the common 

^fl electrode and the pixel electrode is 2 0 fim, and the length in 

the longitudinal direction of the opening is 157 jLtm. As a 

2 0 result, the number of pixels formed by 640 signal wiring 
electrodes and 48 0 wiring electrodes is 320 x 160. 

The nematic liquid crystal composite is sandwiched 
between the substrates, which includes 10 weight % of 
3-cyano-4-trif luoro-methoxy-5-f luorophenyl-trans"4- 

25 ethylcyclohexylcarboxylate, and in which the dielectric 

anisotropy Ae is + 8 . 9 and the refractive index anisotropy An 
is 0. 08 (589 nm, 20'') . 
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The resistivity of the liquid crystal is 8.1 x 10^° Q-cm, 
and the undesirable conditions of orientation due to static 
electricity do not occur. As a result, an active matrix type 
liquid crystal display apparatus, having both a broad visual 
5 field and a large numerical aperture, is established, in which 
an inversion of gradation does not occur over more than 60 
degrees in the up and down direction, and more than 60 degrees 
in the right and left direction. 
[Embodiment 7] 

10 The structure in the embodiment 7 is identical to that of 

O the embodiment 6 except for the following features. 

Ij The material used for the liquid crystal compound is 

fj prepared by adding 10 weight % of 4-cyano-3, 5-dif luorophenyl- 

trans-4-probylcyclohexylcarboxylate into the liquid crystal of 
15 the embodiment 6 . 

7; The resistivity of the liquid crystal is 2.2 x 10^*^ Q-cm, 

and undesirable conditions of orientation due to static 

^.fl electricity do not occur. The relation between the elasticity 

constant K2 and the dielectric anisotropy Ae is made to be 

20 4.6 X 10"^ Q-cm. Further, the drive voltage can be established 
to be 5V or less. As a result, an active matrix type liquid 
crystal display apparatus, having both a broad visual field 
and a large numerical aperture, is established, in which an 
inversion of gradation does not occur over more than 60 

25 degrees in the up and down direction, and more than 60 degrees 
in the right and left direction. 
[Embodiment 8] 
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The structure in the embodiment 8 is identical to that of 
the embodiment 6 except for the following features. 

The material used for the liquid crystal compound is 
prepared by adding 20 weight % of 4-cyano-3, 5-dif luorophenyl- 
5 trans-4"probylcyclohexylcalboxylate into the liquid crystal 
composite of the embodiment 6. 

The resistivity of the liquid crystal is 6.2 x 10^° Q-cm, 
the undesirable conditions of orientation due to static 
electricity do not occur. The relation between the elasticity 
10 constant K2 and the dielectric anisotropy, Ae is made to be 
a 2.9 X 10"^ Q-cm. Further, the drive voltage can be established 

;J to be 5V or less. As a result, an active matrix type liquid 

ni crystal display apparatus, having both a broad visual field 

■% and a large numerical aperture, is established, in which an 

15 inversion of gradation does not occur over more than 60 
H degrees in the up and down direction, and more than 60 degrees 

in the right and left direction. 
-3 [Embodiment 9] 

The structure in the embodiment 9 is identical to that of 
20 the embodiment 6 except for the following features. 

The material used for the liquid crystal compound is 
prepared by adding 10 weight % of 3-cyano-4-trif luoromethoxy- 
5-f luorophenyl-trans-4-ethylcyclohexylcalboxylate into the 
liquid crystal composite of the embodiment 6. 
25 The resistivity of the liquid crystal is 8.8 x 10"^ Q-cm, 

and undesirable conditions of orientation due to static 
electricity do not occur. The relation between the elasticity 
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constant K2 and the dielectric anisotropy Ae is made to be 
2.3 X 10"® Q'cm. Further, the drive voltage can be established 
to be 5V or less. As a result, an active matrix type liquid 
crystal display apparatus, having both a broad visual field 
5 and a large numerical aperture, is established, in which an 
inversion of gradation does not occur over more than 60 
degrees in the up and down direction, and more than 60 degrees 
in the right and left direction. 
[ Embod iment 10] 

10 The structure in the embodiment 10 is identical to that 

^1 of the embodiment 1 except for the following features, 

rj The individual rubbing directions of the orientation 

; i films of the pair of substrates are parallel to each other, 

[i and have an angle of 15° (ct)Lci = <t>LC2 = IS"") with respect to the 

■15 direction in which the applied electric field is extended, A 
J nematic liquid crystal composite is sandwiched by these 

"^Z substrates, of which the dielectric constant anisotropy 
:J Ae is -3.3 and the refractive index anisotropy An is 0.074 

(589nm, 20""). The material used here is a liquid crystal 
2 0 compound in which 4 weight % of 3-cyano-2-f luorophenyl-trans- 
4"bentylcyclohexylcarboxylate is added to the nematic liquid 
crystal composite . 

The resistivity of the liquid crystal is 8.6 x 10^^ Q-cm, 
and undesirable conditions of orientation due to static 
25 electricity do not occur. As a result, an active matrix type 
liquid crystal display apparatus, having both a broad visual 
field and a large numerical aperture, is established, in which 
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an inversion of gradation does not occur over more than 60 
degrees in the up and down direction, and more than 60 degrees 
in the right and left direction. 
[Embodiment 11] 

5 The structure in the embodiment 11 is identical to that 

of the embodiment 6 except for the following features. 

An 10 weight % of 2- (trans-4-probylcyclohexyl) -1- 
[trans-4-(2, 3-dicyanophenyl) cyclohexyl] ethane is added into 
a nematic liquid crystal composite, in which the dielectric 
10 constant anisotropy Ae is -3.3 and the refractive index 
Q anisotropy An is 0.074 (589nm, 20"") • 

Ui The resistivity of the liquid crystal is 7.2 x 10^° Q-cm, 

iiij and undesirable conditions of orientation due to static 

electricity do not occur. As a result, an active matrix type 
T5 liquid crystal display apparatus, having both a broad visual 
J^' field and a large numerical aperture, is established, in which 

a inversion of gradation does not occur over more than 60 
^^0 degrees in the up and down direction, and more than 60 degrees 

in the right and left direction. 
2 0 [Embodiment 12] 

The structure in the embodiment 12 is identical to that 

of the embodiment 6 except for the following features. 

The individual rubbing directions of a pair of substrates 

are parallel to each other, and have an angle of 85° 
25 (c1)lci = $LC2 = 85°) with respect to the direction in which the 

applied electric field is extended. The polarization 

transmission axis of one polarizer is set to cl)pi == 85°, and the 
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polarization transmission axis of the other polarizer is set 
to intersect perpendicularly with the former polarization 
transmission axis, which means ct)p2 = -5°. With this geometrical 
configuration, the normally-close characteristic of the 
5 display pixel can be established, that is, the display pixel 

is in a dark state at a low voltage (VOqff) / and is in a bright 
state at a high voltage (Vqk) • 

The voltage-transmittance characteristic of this active 
matrix type liquid crystal apparatus is as indicated in Fig. 
10 11, in which Vqff can be set to 2 . 1 V and Vqn can be set to 6.8 
C3 V. Therefore, the width of the drive voltage can be set to 4.7 
ly v. As a result, an active matrix type liquid crystal display 

ilj apparatus, having both a broad visual field and a large 

numerical aperture, is established, in which an inversion of 
'15 gradation does not occur over more than 60 degrees in the up 
Ji and down direction, and more than 60 degrees in the right and 

''Z left direction* 

^3 [Embodiment 13] 

The structure in the embodiment 13 is identical to that 
20 of the embodiment 11 except for the following features. 

The individual rubbing directions of a pair of substrates 
are parallel to each other, and have an angle of 5° 
(4>Lci = $'lc2 = 5°) with respect to the direction in which the 
applied electric field is extended. The polarization 
2 5 transmission axis of one polarizer is set to ct)pi = 5°, and the 
polarization transmission axis of the other polarizer is set 
to intersect perpendicularly with the former polarization 
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transmission axis, which means (p^2 = -85°. With this 
geometrical configuration, the normally-close characteristic 
of the display pixel can be established, that is, the display 
pixel is in a dark state at a low voltage (Vqff) f ^nd is in a 
5 bright state at a high voltage (Vqn) • 

The voltage-transmittance characteristic of this active 
matrix type liquid crystal apparatus is as indicated in Fig. 
11, in which Vqpf can be set to 4.0 V and Vqn can be set to 8.8 
V. Therefore, the width of the drive voltage can be set to 4.8 
10 V. As a result, an active matrix type liquid crystal display 
Irj apparatus, having both a broad visual field and a large 

£3 numerical aperture, is established, in which an inversion of 
S= gradation does not occur over more than 60 degrees in the up 

J|i and down direction, and more than 60 degrees in the right and 
T5 left direction. 
5=^ [ Embodiment 14 ] 

l'^ The structure in the embodiment 14 is identical to that 

^^3 of the embodiment 12 except for the following features. 

The common electrode is arranged according to the 

20 following, as seen in Fig. 6, in order to apply an alternating 
current thereto. Each scanning electrode 12 and each signal 
electrode 3 are connected to a scanning electrode drive 
circuit 18 and a signal electrode drive circuit 19, 
respectively. Further, the common electrode 1 is connected to 

25 a common electrode drive circuit 20. A signal waveform 

carrying information is applied to the signal electrode 3. A 
scanning waveform in synchronism with the signal waveform is 
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applied to the scanning electrode 12. The information signal 
is transferred from the signal electrode 3 through a thin film 
transistor 14 to the pixel electrode 4, whereby the voltage 
produced between the pixel electrode and the common electrode 
5 1 is applied to a portion of the liquid crystal. In the 

present invention, a voltage waveform is also applied to the 
common electrode. Therefore, a voltage including that of the 
common electrode is applied to the portion of the liquid 
crystal. Fig. 7 shows those voltage waveforms applied to each 

10 of the wiring electrodes, where the amplitudes of the voltage 
waveforms in Fig. 7 are set as follows. 

y Vd-center = 14.0 V, = 28.0 V, V^^ = 0 V, 

JJj Vdh = 16.4 V, Vol = 11.4 V, Vch = 15 . 1 V, Vcl = 9 . 1 V. 

JtJ The and Vqff Of Fig. 11 are 2.1 volts and 6.8 volts, 

respectively. As a result, a higher contrast ratio of 150 is 

H obtained. In Fig. 11, Vdp„p, Vsp-p, and Vcp.p, represent 

peak-to-peak values of the signal voltage, the source voltage, 

=^3 and the common voltage, respectively. 

In the present embodiment, the amplitude of the drive 

20 voltage waveform V^p.p (= Vdh - V^^) is a very low value, 4.7 
volts, which is supplied to the signal wiring electrode. 
Accordingly, a relatively cheap driver can be used, and it 
becomes possible to reduce the production cost. 
[ Embod iment 15] 

2 5 The structure in the embodiment 15 is identical to that 

of the embodiment 13 except for the following features. 

In the same way as the Embodiment 14, an alternating 
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current is applied to the common electrode, and the display 
apparatus is driven • Accordingly, a relatively cheap driver 
can be used, and it becomes possible to reduce the production 
cost. 

5 [Embodiment 16] 

The structure in the embodiment 16 is identical to that 
of the embodiment 14 except for the following features. 

The transmission axis of the polarizer is set so as to 
have an angle of 10° with respect to the rubbing direction, 
10 namely, cppi = IS"" and (pl?2 = -15°. Fig. 12 shows the relationship 
p between the voltage-transmittance characteristic and the drive 

llj waveform obtained in the above structure. In Fig. 12, V^p-p, Vsp_ 
flj p, and Vcp-p, represent peak-to-peak values of the signal 

voltage, the source voltage, and the common voltage. 
Ts The common electrode is arranged in the same way as the 

J^j Embodiment 9, in order to apply an alternating current 

thereto. Each scanning electrode 12 and each signal electrode 
^ 3 are connected to a scanning electrode drive circuit 18 and a 

signal electrode drive circuit 19, respectively. Further, the 
20 common electrode 1 is connected to a common electrode drive 
circuit 2 0 (see Fig. 6) . A signal waveform carrying 
information is applied to the signal electrode 3. A scanning 
waveform in synchronism with the signal waveform is applied to 
the scanning electrode 12. The information signal is 
2 5 transferred from the signal electrode 3 through a thin film 
transistor 14 to the pixel electrode 4, whereby the voltage 
produced between the pixel electrode and the coinmon electrode 
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1 is applied to a portion of the liquid crystal. In the 
present invention, a voltage waveform is also applied to the 
common electrode. Therefore, a voltage including that of the 
coicimon electrode is applied to the portion of the liquid 
5 crystal. Fig. 7 shows those voltage waveforms applied to each 
of the wiring electrodes, where the amplitudes of the voltage 
waveforms in Fig. 7 are set as follows. 

Vd-center = 14.0 V, Vgh = 28.0 V, V^^ = 0 V, 
Vdh = 15.1 V, Vi,!, = 12.9 V, VcH = 20 . 4 V, Vcl = 4 . 39 V. 
10 As a result, the plunge voltage AVgs(+1)/ AVgs(-I) produced by 
Q the parasitic capacitance between the gate electrode and the 

ly source electrode, the voltage Vs applied over the pixel 

ry electrode and the voltage Vlc applied over the liquid crystal 

IP are shown in the following Table. The unit of voltage is 
15 hereinafter taken as a volt. 



Table 1 



Display States 


AVgs( + ) 


AV^s ( - ) 






Vlch 


Vlcl 




Brightness 


+1 . 76 


-1.64 


+11.14 


-13 .46 


+9 .24 


-9-07 


9 .16 


Darkness 


+1.47 


-1.57 


+13.63 


-11,33 


+6.75 


-6.94 


6.85 



20 The values of Vqn and Vqff Of Fig. 12 are 9.16 volts and 

6.85 volts, respectively. As a result, a sufficiently high 
contrast ratio of 100 is obtained. 

In the present Embodiment, the amplitude of the drive 
voltage waveform V^p^p (= V^h " Vdl) is a very low value, 2.2 
2 5 volts, which is supplied to the signal wiring electrode. 
[ Embod iment 1 7 ] 

The structure in the embodiment 17 is identical to that 



of the embodiment 15 except for the following features. 

The transmission axis of the polarizer is set so as to 

have an angle of 10° with respect to the rubbing direction, 

namely, (p^^ = 15° and c|)p2 = -VS*", As a result, the values of Vqn 
5 and VoFF are 17*4 volts and 14.2 volts, respectively. As a 

result, a sufficiently high contrast ratio of 100 is obtained. 
In the present embodiment, the amplitude of the drive 

voltage waveform Vdp-p (= V^h - V^l) is a very low value, 3.2 

volts, which is supplied to the signal wiring electrode. 
10 While in the embodiments of this invention, specific 

l;2 liquid crystal composites and its compounds are suggested, it 

l2 will easily be understood that other liquid crystal composites 

and compounds can be used. The structure of a pixel is also 
Jj; not limited to that of the embodiments according to the 

T5 present invention as described herein. 
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WHAT IS CLAIMED IS: 

A liquid crystal composite material for use in a 
liquid crystal layer of a liquid crystal display device having 
a pair of substrates with the liquid crystal layer interposed 
therebetween, and an electrode structure for generating an 
electric field having a component predominantly in parallel 
with one of said pair of substrates; 

wherein said liquid crystal composite material includes a 
liquid chemical compound represented by a general chemical 
formula (I) 



wherein in the formula (I), X^, X2 and X3 are selected 
from a group consisting of fluoro group, cyano group, 
trif luoromethyl group, trif luoromethoxyl group, nitro group 
and hydrogen atom, not all three Xi, X2 and X3 being a hydrogen 
group; R is selected from a group consisting of alkyl group 
and alkoxyl group having the carbon number 1 to 10 which can 
be substituted; Ring A is selected from a group consisting of 
cyclohexane ring, benzene ring, dioxane ring, pyrimidine ring, 
and [2, 2, 2] -bicyclohexane ring, Z is selected from a group 
consisting of single bonding, ester bonding, ether bonding, 
methylene, and ethylene; and n is 1 or 2 • 




3 



(I) 



2. A liquid crystal composition material according to 



claim 1, wherein X2 is a cyano group* 

3, A liquid crystal composite material according to 
claim 1, wherein a relation between an elasticity constant K2 
and a dielectric anisotropy Ae of said liquid crystal 
composite material satisfies the relation 

K2/AS < 9 X 10-^[dyn] . 

4, A liquid crystal composite material for use in a 
liquid crystal layer of a liquid crystal display device having 
a pair of substrates with the liquid crystal layer interposed 
therebetween, and an electrode structure for generating an 
electric field having a component predominantly in parallel 
with one of said pair of said substrates; 

wherein said liquid composite material has a resistivity 
which is no greater than 1 x 10^^ Qm and not less than 1 x 10^ 
Qm. 

5, A liquid crystal composite material according to 
claim 4 , wherein a relation between an elasticity constant K2 
and a dielectric anisotropy Ae of said liquid composite 
material satisfies the relation K2/Ae < 9 x 10-^ [ciyn] . 



ABSTRACT OF THE DISCLOSURE 

A liquid crystal composite material for use in a liquid 
crystal layer of a liquid crystal display device having a pair 
of substrates with the liquid crystal layer interposed 
therebetween, and an electrode structure for generating an 
electric field having a component predominantly in parallel 
with one of said pair of substrates. The liquid crystal 
composite material includes a liquid chemical compound 
represented by a general chemical formula (I) 




(I) 



In the formula (I), X^, and X3 are selected from a group 
consisting of fluoro group, cyano group, trif luoromethyl 
group, trif luoromethoxyl group, nitro group and hydrogen atom 
and not all three X^, X^ and X3 being a hydrogen group. 
Further, R is selected from a group consisting of alkyl group 
and alkoxyl group having the carbon number 1 to 10 which can 
be substituted, and ring A is selected from a group consisting 
of cyclohexane ring, benzene ring, dioxane ring, pyrimidine 
ring, and [2, 2, 2 ] -bicyclohexane ring. Additionally, Z is 
selected from a group consisting of single bonding, ester 
bonding, ether bonding, methylene, and ethylene, while n is 1 
or 2. 
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FIG. 1(a) 
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FIG. 3(a) FIG. 3(c) 




FIG. 3(b) 
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FIG. 5 
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FIG. 6 
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